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ABSTRACT 

Surface eros ion i s  a  f unc t i on  o f  two opposing forces- -dr iv ing f o r c e  and re-  
s i s t i n g  force. Analysis o f  surface eros ion hazards a t  a  s i t e  should consider 
the resource a t  r i s k ,  the  dura t ion  o f  hazard, and the  s i t e  cha rac te r i s t i c s .  
S o i l  e r o d i b i l i t y  i s  an important s i t e  c h a r a c t e r i s t i c  determin ing r e s i s t i n g  
force. To evaluate e r o d i b i l i t y ,  s o i l  samples were c o l l e c t e d  from 36 cutb locks 
i n  Redwood Nat iona l  Park, Cal i f o r n i  a. Soi 1  se r ies  represented were Masterson, 
Orick, Si tes,  Atwel l ,  Hugo, and Melbourne. Samples were analyzed f o r  s i z e  
d i s t r i b u t i o n  and indexes o f  e r o d i b i l i t y .  Atwel l ,  the l e a s t  ox id ized  s o i l ,  had 
s i g n i f i c a n t l y  h igher  eros ion indexes than Si tes,  the  most ox id ized.  

INTRODUCTION 

Surface eros ion i s  a  major con t r i bu to r  o f  sediment t o  Redwood Creek and o ther  
d is tu rbed  streams i n  the  no r t h  coasta l  r eg i on  o f  Ca l i f o rn i a . .  Logging has gen- 
e r a l l y  accelerated surface eros ion much more than mass movement i n  the  Redwood 
Creek bas in  (Janda and o thers  1975). With b e t t e r  understanding o f  t he  proc- 
esses o f  surface erosion, e rod ib l e  s o i l s  can be more e a s i l y  i d e n t i f i e d ,  reha- 
b i l i t a t i o n  s i t e s  can be selected, and appropr ia te  methods o f  e ros ion  c o n t r o l  
can be prescr ibed. 

Surface eros ion i s  a  f unc t i on  o f  two opposing forces- -dr iv ing f o r c e  and re -  
s i s t i n g  force. The r e s i s t i n g  force i s  the  r e s u l t  o f  cond i t i ons  t h a t  p r o t e c t  
s o i l  p a r t i c l e s  f rom being detached; the d r i v i n g  f o r ce  i s  t h e  k i n e t i c  energy of 
r a i n f a l l  and runo f f .  

The processes o f  surface eros ion can be q u a n t i f i e d  f o r  i n c l u s i o n  i n  t he  f o l -  
lowing f a c t o r  o f  sa fe t y  (FS) equation: 

Surface eros ion occurs when FS I 1. 

Undisturbed f o r e s t  s o i l  has a  s t rong r e s i s t i n g  f o r ce  because t he  minera l  s o i l  
i s  o v e r l a i n  by a  p r o t e c t i v e  layer  o f  l i t t e r ;  the d r i v i n g  f o r c e  i s  weak because 
the  s o i l  has abundant macropores, i n f i l t r a t i o n  r a tes  a re  high, and over land 
f low i s  l i m i t e d .  Consequently, surface e ros ion  tends t o  be low i n  undis turbed 

1 P a c i f i c  Southwest Forest  and Range Experiment Stat ion,  Forest  Service, 
U.S. Department o f  Agr i cu l tu re ,  s ta t ioned  a t  Arcata, Ca. 



f o r e s t s .  It has been repor ted  t o  be s u r p r i s i n g l y  common, however, i n  t h e  Red- 
wood Creek b a s i n  (Janda and o the rs  1975). 

Logging a c t i v i t i e s  such as r o a d b u i l d i n g  and t r a c t o r  yard ing expose s o i l  and 
can lower t h e  f a c t o r  o f  s a f e t y  by a l t e r i n g  t h e  r e s i s t i n g  and d r i v i n g  fo rces .  
Disturbance by t r a c t o r s  may remove t h e  1  i t t e r  1  ayer, des t roy  s o i  1  s t r u c t u r e ,  
and b r i n g  t h e  l e s s  aggregated subso i l  t o  t h e  surface.  As a  r e s u l t ,  t h e  s o i l  
has less  a b i l i t y  t o  r e s i s t  e ros ion  by ra ind rops  o r  r u n o f f .  Disturbance may 
a l s o  compact s o i  1  and thereby decrease i n f  i 1 t r a t i o n  and p e r c o l a t i o n  ra tes ,  
causing more over land f l o w  o r  a  g rea te r  d r i v i n g  f o r c e  down t h e  slope. The 
extreme case occurs w i t h  inboard road d i t c h e s  t h a t  concent ra te  runoff.  

Most o f  t h e  research i n  p r e d i c t i n g  su r face  e ros ion  has been conducted on a g r i -  
c u l t u r a l  land t h a t  i s  i n  sharp c o n t r a s t  t o  f o r e s t  land. Farm land commonly 
has disturbed, unprotected s o i l  r e a d i  1  y  ava i  l 'ab le  f o r  t ranspor t ,  and e r o s i o n  
occurs i n  p r o p o r t i o n  t o  t h e  d r i v i n g  force,  t h e  v a r i a b l e  energy of the  runof f .  
Because f o r e s t  lands o f  the  P a c i f i c  Northwest a re  charac te r i zed  by steep 
slopes, r u n o f f  tends t o  be h i g h  i n  energy and has t h e  c a p a c i t y  t o  t r a n s p o r t  
much more m a t e r i a l  than i s  a v a i l a b l e .  As a  r e s u l t ,  t h e  r e s i s t i n g  force,  as 
t h e  v a r i a b l e  supp ly  o f  detachable s o i l ,  i s  o f  g r e a t e r  importance. 

Studies of bedload t r a n s p o r t  and suspended sediment i n  steep mountain streams 
(Nanson 1974, Paust ian and Beschta 1979) have documented t h a t  the  sediment 
loads a re  more c l o s e l y  r e l a t e d  t o  t h e  a v a i l a b l e  supp ly  ( r e s i s t i n g  f o r c e )  than 
t o  f low c o n d i t i o n s  ( d r i v i n g  f o r c e ) .  I n v e s t i g a t i o n  o f  a  stream i n  t h e  Oregon 
Coast Range showed t h a t  f o l l o w i n g  d i s tu rbance  by logg ing  an armor l a y e r  of 
g rave l  and cobbles forms and c o n t r o l s  t h e  re lease  o f  the  under l y ing  f i n e  sed i -  
ment (Mi lhous and Klingeman 1973). A - p a i r e d  watershed s tudy o f  two n o r t h  
coast  streams (Nor th  and South Forks, Caspar Creek) found t h a t  w h i l e  l o g g i n g  
and r o a d b u i l d i n g  had l i t t l e  o r  no e f fec t  on peak f l o w s  ( d r i v i n g  fo rce ) ,  sus- 
pended sediment p roduc t ion  increased s u b s t a n t i a l l y  (Ziemer 1981, R ice and 
o t h e r s  1979). These s tud ies  show t h a t  a f t e r  d i s tu rbance  t h e  r e s i s t i n g  force 
decreases; a  p e r i o d  o f  recovery  fo l lows,  d u r i n g  which t h e  channels are  r e a r -  
mored. 

Al though prev ious work has focused on perenn i  a1 streams,. f i e l d  observat ions 
suggest t h a t  r e l a t e d  processes occur i n  r i l l s  and g u l l i e s .  S i t e  d i s tu rbance  
exposes s o i  1, a1 lowing r i  11s and g u l l  i e s  t o  'form; as e ros ion  cont inues,  coarse 
fragments l e f t  behind accumulate i n  these smal l  channels and armor t h e  under- 
l y i n g  s o i l  aga ins t  f u r t h e r  downcutt ing.  The s i z e  of the  m a t e r i a l  needed f o r  
armor ing depends on the  d r i v i n g  force.  For example, cobbles may be necessary 
i n  stream channels, pebbles i n  g u l l i e s ,  and granu les  i n  r i l l s .  Organic d e b r i s  
can a l so  p rov ide  t h e  armor f o r  f o r e s t  drainages.  

The sur face e ros ion  p o t e n t i a l  a t  a  s i t e  must be eva luated be fo re  any r e h a b i  li- 
t a t i o n  steps a re  taken. I d e a l l y  t h e  e r o s i o n  p o t e n t i a l  i s  determined be fo re  
d i s tu rbance  occurs, so t h a t  measures can be taken t o  m i t i g a t e  e f f e c t s .  The 
f o l l o w i n g  cons ide ra t ions  app ly  t o  e i t h e r  course o f  ac t i on .  

Resource a t  r i  sk--An impor tant  f a c t o r  i n  de te rm in ing  t h e  va lue o f  rehab i  1  i ta-  
t i o n  i s  assessment o f  what i s  be ing  p ro tec ted .  I t  may be t h e  f i s h e r i e s  r e -  
source, s i t e  p r o d u c t i v i t y  o r  s imp ly  e s t h e t i c  value. On t h e  n o r t h  coast, t h e  
f i s h e r i e s  resource i s  o f  g rea t  importance, and t h e  sediment d e l i v e r y  r a t i o  i s  
thus  a  major  component o f  t h e  assessment. For example, e r o s i o n  s i t e s  t h a t  



re lease  sediment d i r e c t l y  t o  channels w i t h  spawning g r a v e l s  would l i k e l y  r a t e  
f h igh  as candidates f o r  r e h a b i l i t a t i o n .  

Dura t i on  of erosion--Another c o n s i d e r a t i o n  i s  whether t h e  e r o s i o n  problem i s  
s h o r t  o r  l o n g  term. Short-term e ros ion  hazards occur where d i s tu rbance  i s  
f o l l o w e d  i n  2 o r  3 years  by r e v e g e t a t i o n  o r  an e r o s i o n  pavement. T h i s  
sequence i s  common on s k i d  roads and main hau l  roads. Long-term e r o s i o n  
problems occur where the  s lopes are  steep and v e g e t a t i o n  o r  e r o s i o n  pavements 
cannot get  es tab l i shed .  Long-term e ros ion  may be found i n  l a n d s l i d e  scars, 
road cuts,  landings,  and f a i l e d  stream cross ings.  

S i t e  c h a r a c t e r i s t  ics--A v a r i e t y  o f  s i t e  v a r i a b l e s  can i n f l u e n c e  s o i  1  eros ion,  
i n c l u d i n g  topography, v e g e t a t i v e  cover, c l ima te ,  and s o i l  e r o d i b i l i t y .  

We eva luated one o f  these s i t e  va r iab les - -so i l  e r o d i b i l i t y  i n  Redwood N a t i o n a l  
Park. The s i t e s  se lec ted  i nc luded  s k i d  roads and o t h e r  t r a c t o r - d i  s turbed 
areas on r e c e n t  c lea rcu ts .  

EVALUATION OF SOIL ERODIBILITY - REDWOOD NATIONAL PARK 

S o i l  t es--In Redwood Na t iona l  Park, seve ra l  f o r e s t  s o i l s  a r e  assoc ia ted  w i t h  
m7-- e r e n t  l i t h o l o g i e s  and weather ing stages. On t h e  w e s t ,  s lope,  u n d e r l a i n  by 
the  Redwood Creek Sch is t ,  t h e  Masterson S o i l  Ser ies  weathers t o  Or i ck  and 
e v e n t u a l l y  t o  S i t e s .  On t h e  east  s ide,  u n d e r l a i n  by  t h e  Franc iscan Formation, 
Hugo s o i l  predominates, and weathers t o  Melbourne and then  t o  S i t e s .  A t w e l l  
s o i l  i s  p resent  on t h e  eas t  s ide  i n  a s s o c i a t i o n  w i t h  f a u l t  gouge m a t e r i a l .  
Masterson and Hugo a re  i n c e p t i s o l s ,  A t w e l l  i s  an a l f i s o l ,  and Or ick ,  
Melbourne, and S i t e s  a re  c l a s s i f i e d  as u l t i s o l s . .  

Sample c o l  lec t ion- -So i  1  samples were c o l  l e c t e d  f rom Redwood N a t i o n a l  Park i n  
A p r i l  1981. A t w e l l  s o i l s  were c o l l e c t e d  f rom an area c l a s s i f i e d  as " h i g h l y  
e r o s i v e  u n i t  conf ined t o  southeast  corner  o f  t h e  Park . . .I1 on a  d i s tu rbance  
map of Redwood Park (Na t iona l  Park Serv ice  1980). The o t h e r  samples were 
se lec ted  from cu tb locks  mapped as " recent  t rac to r - ya rded  u n i t s  w i t h  minimal  
regrowth; prominent dra inage d is turbance.  " The dominant s o i  1  t ype  was 
determined f o r  each o f  these mapped u n i t s  f rom s o i l - v e g e t a t i o n  maps (DeLapp, 
e t  a l .  1961a, 1961b; Alexander e t  a l .  1960, 1961). S i x  c u t b l o c k s  were 
randomly s e l e c t e d  f o r  each o f  t h e  s i x  s o i l  s e r i e s .  S o i l  s e r i e s  on each s i t e  
was v e r i f i e d  by examinat ion o f  r e 1  a t i  v e l y  und is tu rbed  pedons. Three 
subsamples were then randomly se lec ted  f rom exposed s o i l  su r faces  a t  each of 
t h e  36 sampl ing s i t e s .  The samples may have inc luded  s o i l  f r o m  any o f  t h e  
hor izons,  subsoi  1, slash, o r  deb r i s .  The t h r e e  subsamples were tho rough ly  
mixed t o  form a  composite sample f o r  each s i t e .  

Size d i s t r i b u t i o n - - T h e  composite samples were wet-s ieved t o  o b t a i n  t h e  
f r a c t i o n s  a t  5.6 mm, 2-5.6 mm and 2 nun. The r e s u l t s  (F ig .  1 )  i n d i c a t e  t h a t  
Masterson, Hugo, and A t w e l l  s o i  1s have t h e  most coarse f ragments:  more than  35 
Percent  b y  weight .  However, Tukey's t e s t  f o r  m u l t i p l e  comparison (Guenther 
1964) showed t h a t  t he  o n l y  s i g n i f i c a n t  d i f f e r e n c e s  were between Masterson as 
compared t o  O r i c k  and S i tes ,  and A t w e l l  as compared t o  Or i ck .  The coarse 
fragments a re  impor tant  i n  e v a l u a t i n g  e r o s i o n  because t h e y  may c o n t r i b u t e  t o  
e ros ion  pavement fo rmat ion .  



Fig .  1. Percentages o f  coarse f ragments i n  t h e  composite samples f r o m  t h e  s i x  
s o i l  se r ies .  The columns i n d i c a t e  means and t h e  l i n e s  show s tandard  devia-  
t i o n s .  

The f i n e  gra ined f r a c t i o n s  o f  s o i l s  on  bo th  s ides  o f  t h e  b a s i n  (F ig .  2 )  show 
t h a t  t h e  s o i l s  have s u b s t a n t i a l  amounts o f  c lay .  S i t e s  and Or i ck  a r e  c l a s s i -  
f i e d  as c l a y s  and t h e  o t h e r s  are  c l a y  loams. Tukey's t e s t  (Guenther 1964) 
showed t h a t  S i t e s  had s i g n i f i c a n t l y  more c l a y  than  Masterson, A t w e l l ,  o r  Hugo. 

Munsel l  c o l o r  c h a r t :  

Masterson--Light g ray  t o  brown. 2.5 Y 712, 10 YR 514, 10 YR 6.514, 10 YR 

Atwe l l - -L igh t  brownish-gray t o  gray. N 510 (X4), 2.5 Y 612 (X2 ) .  
Hugo-Light g ray  t o  p a l e  brown. 10 YR 7.512, 10 YR 714, 10 YR 713 (X2), 
10 YR 614, 10 YR 6.3. 

The samples tend t o  range from g ray  f o r  A twe l l ,  t h e  l e a s t  developed s o i l ,  t o  a 
y e l l o w i s h  r e d  f o r  S i tes ,  t h e  most developed. 
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Fig. 2. Particle size distribution of composite samples with mean of the soil 
series. (A) Soils on west side of Redwood Creek ( B )  Soils on east side of 
Redwood Creek. 



E r o d i b i l i t y  indexes--Some simple l a b o r a t o r y  analyses have been designed t o  
eva lua te  s o i l  e r o d i b i  1  i t y .  M idd le ton  (1930) dev ised t h e  " d i s p e r s i o n  r a t i o u  
whereby t h e  percent  of s i l t  p l u s  c l a y  d ispersed b y  d i s t i l l e d  water  i s  d i v i d e d  
by t h e  t o t a l  percent  of s i l t  p l u s  c lay .  Anderson (1951) found t h a t  a  regres-  
s i o n  equat ion  u s i n g  d i s p e r s i o n  r a t i o  and pe rcen t  cover  had a  c o r r e l a t i o n  coef -  
f i c i e n t  o f  0.89 w i t h  suspended sediment d i scha rge  o f  Coast Range dra inages i n  
southern C a l i f o r n i a .  Anderson (1954) l a t e r  examined s o i l s  and sediment d i s -  
charge from western Oregon watersheds and found t h a t  t h e  su r face  aggregat ion  
r a t i o  was an improvement over  t h e  d i s p e r s i o n  r a t i o .  The surface aggregat ion  
r a t i o  i s  t h e  su r face  area o f  sand and coa rse r  p a r t i c l e s  ( >  0.05 mm) d i v i d e d  by 
t h e  aggregated s i l t  p l u s  c lay .  

The composite samples were t e s t e d  f o r  t h e i r  d i s p e r s i o n  r a t i o s  and su r face  
aggregat ion  r a t i o s .  Our procedures were s i m i l a r  t o  those  desc r ibed  i n  t h e  

Ms Masterson 
0 Orick 
S Sites 
A Atwell 

MI Melbourne 

SURFACE AGGREGATION RATIO 

dev ia t i ons .  



p 
p u b l i c a t i o n s  c i t e d  above except t h a t  t h e  d i s p e r s i o n  r a t i o  was determined b y  
hydrometer and the  su r face  aggregat ion  r a t i o  was determined w i t h  a 5.6 mm 

, s ieve i ns tead  o f  a 5 mn sieve.  
L 

5 The r e s u l t s  of these t e s t s  (F ig .  3 )  i n d i c a t e  t h a t  t h e r e  i s  cons ide rab le  v a r i a -  
' t i o n  i n  e r o d i b i l i t y  i n  any s o i l  t ype  and consequent ly  t h e r e  may n o t  have been 

enough samples t o  show t h a t  some s o i l s  a r e  s t a t i s t i c a l l y  d i f f e r e n t  f rom 
: o thers .  However, Tukey's t e s t  showed t h a t  t h e  o n l y  s i g n i f i c a n t  d i f f e r e n c e  i n  
"urface aggregat ion  r a t i o  was between A t w e l l  and S i tes .  The most apparent  

d i f f e rence  between these two s o i l s  i s  t h e i r  range o f  o x i d a t i o n .  A t w e l l  p r i -  
g m a r i l y  con ta ins  reduced i r o n  whereas S i t e s  i s  dominated b y  o x i d i z e d  f e r r i c  

"hyd rox ide  (FE(OH)3). Or i ck  and Melbourne a re  d i f f i c u l t  t o  d i f f e r e n t i a t e  and t - are more o x i d i z e d  than Hugo and Masterson. Al though A t w e l l  i s  c l a s s i f i e d  as i 
C being more mature than Hugo and Masterson, t h e  A t w e l l  samples were g e n e r a l l y  
$ c o l l e c t e d  from t h e  p o o r l y  weathered s u b s o i l  t h a t  i s  exposed on t h e  Copper 
$ Creek dra inage i n  t h e  southeast  p o r t i o n  o f  t h e  Park. 

1 The most w i d e l y  used e r o s i o n  index i s  t h e  u n i v e r s a l  s o i l  l o s s  equat ion.  The 
s o i l  f a c t o r  (K) i n  t h i s  equat ion  i s  de r i ved  f rom a combinat ion  o f  24 v a r i a b l e s  

I (Wischmeier and Mannering 1969). Since K i s  t o o  d i f f i c u l t  t o  determine under 
I most circumstances, s imp le r  methods have been devised. For example, t h e  r '  P a c i f i c  Southwest Region (R-5) of t h e  F o r e s t  Se rv i ce  has prepared a gu ide 
s # , (R5-2500-14) which approximates t h e  s o i  1 f a c t o r  b y  e v a l u a t i n g  s o i  1 detachab i  l- 
- )  i t y ,  i n f i l t r a t i o n ,  permeabi 1 i t y ,  and depth. Soi  1 detachab i  1 i t y  i s  measured b y  
:the response when water  i s  app l i ed  t o  an aggregate w i t h  a s q u i r t  b o t t l e  ( w i t h  
r a  m o d i f i c a t i o n  f o r  coarse f ragments) .  Th i s  techn ique i s  i n tended  t o  g i v e  some 

j '  i dea of t h e  amount of water -s tab le  aggregates i n  s o i  1. 
i 

: D e t a c h a b i l i t y  was measured on a i r - d r i e d  composite samples acco rd ing  t o  t h e  R-5 
?;method. The r e s u l t s  show no c o r r e l a t i o n  ( r 2  = 0.0087) w i t h  t h e  surface 

aggregat ion r a t i o .  These f i n d i n g s  i n d i c a t e  t h a t  t h e  d e t a c h a b i l i t y  index needs 
f u r t h e r  c r i t i c a l  e v a l u a t i o n  t o  determine whether i t  i s  o f  v a l u e  i n  e r o d i b i l i t y  

' p r e d i c t i o n s .  
, I  

The r e l a t i v e  e r o d i b i l i t i e s  o f  s o i l s  as measured by two e r o s i o n  i n d i c e s  and as 
'determined through observat ions  b y  t h e  s o i l - v e g e t a t i o n  survey (&Lapp e t  a l .  

i ' 
1961a, 1961b; Alexander e t  a l .  1960, 1961) are  compared i n  Tab le  1. The most 

: e r o d i b l e  s o i l  i s  g iven a va lue o f  1.0 i n  these indexes. 
1 

Table 1 - R e l a t i v e  e r o d i b i l i t y  indexes 

S o i l  Mean pe rcen t  D e t a c h a b i l i t y  Sur face S o i l - v e g e t a t i o n  
se r ies .  s lope index aggrega t ion  survey 

(R-5 1 r a t i o  
(Anderson ) 

1 .OO Moderate t o  h i g h  
k ,  
: Masterson 39 Moderate t o  h i g h  

Moderate t o  h i g h  

Moderate t o  h i g h  

S l i g h t  t o  moderate 
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Re la t i on  t o  slope-Determination t h a t  a  s i t e  i s  h i g h l y  e rod ib l e  cannot be made 
Tram data on reTa t i ve  s o i l  e r o d i b i l i t y  only.  Slope, disturbance, and other 
cond i t i ons  must be considered i n  the hazard eva luat ion.  I n  Redwood Nat ional  
Park, s o i l  e r o d i b i l i t y  i s  no t  independent o f  s lope (Table 1). The o lder ,  less 
e rod ib l e  s o i l s  are ,on t he  gen t le r  slopes. ' I n  con t ras t ,  Atwel l  and Masterson 
are on t he  steeper slopes and because o f  t h e i r  poor phys ica l  p roper t ies ,  are 
associated w i t h  slumping and s l i d i n g .  

Causes o f  e r o d i b i  1  i t y  differences--The dominant conc lus ion from the  data i s  
t h a t  t h e  young A twe l l  s o i l  i s  more e rod ib l e  than t he  s t r ong l y  developed ox i -  
d ized S i t es  (Fig. 3) .  Weathering produces i r o n  oxides t h a t  improve a s o i l  I s  
phys ica l  p rope r t i es  by promoting aggregat ion and h igher  p o r o s i t i e s  (Arca and 
Weed 1966, Lu tz  1936). S i tes  a lso has a h igher  percentage o f  c lay ,  a  t r a i t  
associated w i t h  lower eros ion ra tes  (Buoyoucos 1935). The cohesive c l a y  re- 
s i s t s  detachment o f  the  s o i l  p a r t i c l e s .  

The type o f  c l a y  may a lso con t r i bu te  t o  d i f f e rences  i n  eros ion ra tes.  Clay 
mineralogies were determined by x-ray d i f f r a c t i o n  on random samples from four  
o f  t h e  s o i l  ser ies .  The Hugo and Masterson were s i m i l a r  and contained vermic- 
u l i t e ,  i n t e rg rad ien t  ch lo r i te -ve rmicu l i te ,  and c h l o r i t e .  A twe l l  was dominated 
by auth igenic  c h l o r i t e  bu t  contained mica as we l l .  The x-ray ana lys is  ve r i -  
f i e d  t he  ex is tence of c h l o r i t e  i n  S i t es  bu t  cou ld  no t  determine i f  k a o l i n i t e  
was a lso  present, There i s  some agreement between these f i nd i ngs  and a study 
by Winzler and K e l l y  (1975). However, we found v e r m i c u l i t e  t o  be more common 
than they reported. The number o f  samples we t es ted  was i n s u f f i c i e n t  f o r  
s t a t i s t i c a l  r e l i a b i l i t y .  

The r e l a t i o n  between c l a y  mineralogy and s o i l  e r o d i b i l i t y  has no t  been docu- 
mented, al though Singer and others  (1978) s tud ied  t he  e r o d i b i l i t y  o f  some 
C a l i f o r n i a  s o i l s  and found t h a t  the smect i te  c l ays  were more e rod ib l e  than 
vermicu l i te .  Both the  most and l e a s t  e r o d i b l e  s o i l s  o f  Redwood Park had 
c h l o r i t e  as a  pr imary cons t i tuen t .  The major d i f f e r e n c e  between the  c l ays  we 
i d e n t i f i e d  i s  t h e i r  ca t i on  exchange capac i t y  (CEC). Vermicu l i te  has a CEC of 
100 t o  150 meg/lOOag of d ry  s o i l  compared t o  10  t o  40 f o r  c h l o r i t e  and 3 t o  15 
f o r  k a o l i n i t e  (B i rke land 1974). Ve rm icu l i t e  has a much g rea te r  negat ive 
charge and t he re fo re )  more p o t e n t i a l  f o r  d ispers ion.  However, t h i s  negat ive 
charge i s  o f f s e t  by the  c l a y ' s  exchangeable cat ions.  The type o f  exchangeable 
ca t ions  can a l so  in f luence e rod ib i  1  i t y  (Wal l i s  and Stevan 1961 ) bu t  t h e i r  
determinat ion was outs ide the  scope o f  t h i s  study. 

IMPLICATIONS FOR MANAGEMENT 

R e h a b i l i t a t i o n  should e i t h e r  decrease t he  d r i v i n g  f o r c e  o r  increase the  re-  
s i s t i n g  force. The change may be accomplished by common methods, such as 
mulching, revegetat  ion, o r  c rea t i ng  an e ros i on  pavement. Natura l  eros ion 
pavements can occur on any o f  the  Redwood Park s o i l s  provided t he  g rad ien t  i s  
no t  t oo  steep. Erosion pavements are most l i k e l y  on the  young s k e l e t a l  s o i l s  
where they are a lso  most needed. 

Th is  study suggests t h a t  rehabi  1  i t a t i o n  e f f o r t s  should be concentrated i n  
areas w i t h  h i g h l y  e rod ib l e  s o i l s  such as A twe l l .  The A twe l l  s o i l s  are 
commonly unde r l a i n  by f a u l t  gouge o r  melange and are associated w i t h  seeps and 
slumps. I t  i s  d i f f i c u l t  and expensive t o  r e t a r d  slumping bu t  revege ta t ion  
w i l l  a t  l e a s t  decrease the  ac t i ve  sur face e ros i on  o f  A twe l l  s o i l s ,  as i n  the 
Copper Creek drainage. 



$. The goal o f  e a r t h  sc ience s p e c i a l i s t s  should be t o  i d e n t i f y  h i g h l y  e r o s i v e  
s i t e s  before l ogg ing  so t h a t  m i t i g a t i o n  measures can be taken  and t h e  need f o r  
r e h a b i l i t a t i o n  avoided. The bes t  method a t  t h i s  t ime  i s  f i e l d  obse rva t i on  o f  
d i s tu rbed  s i t e s  on t e r r a i n  s i m i l a r  t o  t h e  area proposed f o r  logg ing.  T h i s  
w i l l  de f i ne  t h e  impor tan t  v a r i a b l e s  b e t t e r  t han  any r i g i d  scheme. There a re  
several  d isadvantages t o  t h i s  approach, however, t h e  most impor tant  be ing  t h a t  
i t  depends on s u b j e c t i v e  eva lua t i on .  The demand i s  f o r  an o b j e c t i v e ,  quan t i -  
t a t i v e  approach t h a t  can be w i d e l y  used and w i l l  h o l d  up i n  c o u r t  i f  neces- 
sary. Several  e ros ion  hazard r a t i n g  schemes a re  a v a i l a b l e  b u t  none have a  
h igh  success r a t e .  They can be h e l p f u l  as g u i d e l i n e s  b u t  should n o t  be f o l -  
lowed dogmat ical  1  y. 

Although mapping of s o i l  s e r i e s  i s  based on such f a c t o r s  as bedrock, vegeta- 
t i on ,  and slope, r a t h e r  than s o i l  c h a r a c t e r i s t i c s  these maps can p rov ide  some 
help i n  p r e d i c t i n g  s o i l  e r o d i b i l i t y .  However, t h i s  s t u d y  suggests t h a t  even 
w i t h  more samples t h e r e  p robab ly  would be no s i g n i f i c a n t  d i f f e r e n c e  i n  erod- 
i b i l i t y  between t h e  Or i ck  and Melbourne o r  t h e  Hugo and Masterson. I n  f i e l d  
observat ions,  ~openoe2  has found no p r a c t i c a l  d i f f e r e n c e s  and t h i n k s  these 
s o i l s  shou ld  be grouped. On t h e  o t h e r  hand, Hugo and Masterson have s k e l e t a l  
and nonske le ta l  phases and t h a t  d i f f e r e n t i a t i o n  would be h e l p f u l  f o r  s o i l  
management. 

The t r e n d  i n  s o i l  mapping i s  toward l e s s  r e l i a n c e  on bedrock as a  b a s i s  f o r  
c l a s s i f i c a t i o n .  There fore  s o i l  mapping o f  N a t i o n a l  Park lands today would 
group some s o i l s  and more c l o s e l y  r e f l e c t  s o i l  e r o d i b i l i t y .  S p e c i f i c  s i t e s  
cou ld  be eva lua ted  by q u a n t i f i c a t i o n  o f  coarse fragments, f r e e  i r o n  ox ide  and 
organ ic  ma t te r .  S o i l  c o l o r  r e f l e c t s  f r e e  i r o n  ox ide  content .  We are  now con- 
d u c t i n g  a  s tudy  t o  determine i f  c o l o r  i s  a  usefu l  p r e d i c t i o n  t o o l  t h a t  has as 
good a  c o r r e l a t i o n  w i t h  e r o d i b i l i t y  as t h e  su r face  aggregat ion  r a t i o .  

2 Personal communication, 3. Popenoe, Soi 1  S c i e n t i s t ,  Redwood N a t i o n a l  Park, 
Or ick,  C a l i f .  1981. 
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